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Abstract: We investigated the ground and excited state electronic properties of finite length zigzag graphene
nanoribbons, using time-dependent density functional theory. The ground state of short graphene nanoribbons
with eight H atoms on their armchair edges (8-ZGNR) is diamagnetic, and antiferromagnetism can be exhibited
with increasing the length of nanoribbons. The antiferromagnetism and half-metallicity can also be shown when
a static field is added. When a laser pulse is applied in the excited state, the induced electrons can move and
change with the laser pulse. There exist some differences between α- and β-spin electrons. α-Spin electrons
can be induced, and show induced charge density more readily. β-Spin electrons can escape the external field
control, and show non-adiabatic properties more readily.
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F[ ]ρ(t)Ψi(t) = iℏ dΨi(t)dt (1)
其中 ρ(t) =∑koccΨ *k (t)Ψk(t) , F[ ]ρ 是单体有效哈密顿
量,具体可以写成
F[ ]ρ (r) = - 12∇2 + υext(r) + ∫ ρ(r')|| r -r' dr' + υxc[ ]ρ (r) (2)
其中 υext(r)和 υxc[ ]ρ (r)分别是外势和交换相关势.等
式(1)可以写成密度矩阵形式的含时密度泛函方程,
也就是标准的Liuviolle方程



































U' = exp(iΔt F(ti)2 ) (6)


















时, 计算结果就能够保持稳定.36 在研究过程中, 由
于希望能够观察到石墨烯条带分子在激发态上的
动力学过程,因而加入一个极化的强激光脉冲,








































Fig.1 Geometry of 8-ZGNR
The white balls denote hydrogen atoms, and the gray balls represent
the carbon atoms. chemical formula: C168H36
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对于α自旋和β自旋电子带隙是相等的, 为 1.17 eV.
但是加入静电场后, α自旋和β自旋电子显示出了不
同的性质, α自旋的带隙会稍微增大,为1.22 eV,而β




的不同自旋能量带隙是相同的,为 0.76 eV, 当电场
强度达到 0.01 a.u时, α自旋的带隙增大,为 1.06 eV,
而β自旋的带隙会减小,为0.46 eV.通过比较足以表
明, STO-3G基组对于加入横向外场后不同自旋态





























Fig.3 Spin density of C328H56 in ground sate
图4 外激光场脉冲随时间的变化
Fig.4 External laser field changes with time
图2 (a) C168H36的基态自旋密度; (b)在基态模拟中加入了
一个静电场(沿Y方向)情况下的自旋电子密度
Fig.2 (a) Spin density of C168H36 in ground state; (b) spin
density of C168H36 where a static field (along the Y direction)
is added in the simulation
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原子上的电子密度极性相反. 当 t=384.8 a.u.时, 此
时外激光场强度很小,接近于零(图 4中的 b点).受
此影响, α自旋诱导电子密度也变得很弱,几乎消失




















Fig.5 Induced α-spin charge density of C168H36 interacting
with an external laser field
(a) t=240.8 a.u. (corresponding to point a in Fig.4); (b) t=384.8 a.u.
(corresponding to point b in Fig.4); (c) t=480.8 a.u. (corresponding to
point c in Fig.4); (d) t=768.8 a.u. (corresponding to point d in Fig.4).
The magnitude of charge density is expressed by three kinds of colors:
blue, white, and red which represent negative, zero, and positive
values, respectively. The heavier the color is, the larger the electron
density is. A static field is added in the simulation of ground state.
图6 在外激光场的作用下C168H36的β自旋诱导电子密度
Fig.6 Induced β-spin charge density of C168H36
interacting with an external laser field
(a) t=240.8 a.u. (corresponding to point a in Fig.4); (b) t=384.8 a.u.
(corresponding to point b in Fig.4); (c) t=480.8 a.u. (corresponding to
point c in Fig.4); (d) t=768.8 a.u. (corresponding to point d in Fig.4).
The magnitude of charge density is expressed by three kinds of colors:
blue, white, and red which represent negative, zero, and positive
values, respectively. The heavier the color is, the larger the electron
density is. A static field is added in the simulation of ground state.
图7 诱导偶极矩随时间的变化
Fig.7 Induced dipole moment changes with time
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